The tear trough, though small in physical dimensions, sits at the perceptual epicenter of the face. Because small changes here make large changes in how other people interpret one's state of being, it would be beneficial to have a simple way of addressing the area. Despite the complexities of cause, the solution is to level the hollow and smooth the junction between the lid and the cheek. Methods: Hyaluronic acid injections are used to address the tear trough deformity. Very small quantities, 0.2 to 0.4 cc, are used per side, and the placement is in the orbicularis oculi muscle or at the periosteum. The key is to inject deep to the dermis and to massage the injected area smooth. Results: All patients were improved roughly in proportion to their skin quality. The best patients for the treatment are those with young, thick skin and a definite hollow. The duration of the effect is often more than 1 year at this location. Minor bruising and irregularities were self-limiting or treated with light massage. Large overfills or irregularities are correctable with injection of hyaluronidase. Conclusions: Tear trough injection with hyaluronic acid products is relatively simple, effective, and safe, and can offer significant improvement in this difficult area. It can be performed for primary deformities or to improve a surgical result. (Plast. Reconstr. Surg. 120 (Suppl.): 74S, 2007.) 
R
obert Flowers, who gave the tear trough its name, describes it this way: "The deep groove that commonly occurs near the junction of the eyelid and the cheek is the most consistently ignored major deformity of the orbital region. With a characteristic length of but 2 cm, it extends downward and lateral from the inner canthus of the eye . . . . Whether limited or extended it gives the face a dissipated, unhealthy, and tired-even haggard-appearance . . . ." 1 The aging face shows a kind of relativity between areas that indent and adjacent areas that enlarge, compounding the effect between the two. For example, the jowl and the anterior prejowl sulcus develop in such a way. The nasolabial crease and the lateral fold behave similarly. The tear trough, at the convergence of several anatomical areas and dynamic processes, is perhaps the most important such area, as most people think it projects information about one's state of being.
The cause of the tear trough deformity is multifactorial, and separating its components exactly may be difficult. The main components of the tear trough are the hollow itself; the fat bulge just superior to it; and the very distinct change of skin quality, color, and thickness between the lid and the cheek.
In comparing the tear trough area in younger and older patients, there seems to be an intrinsic loss of tissue just superior to the lid-cheek junction (which I define as the junction of the thin pigmented lid skin and the thicker cheek skin). In older patients, one gets the impression that the entire lower lid may have lost tissue volume, which is disguised by the enlarging fat pads but visible at the tear trough.
The intrinsic loss at the tear trough is magnified by the overlying fat pad, which as it enlarges increases the shadowing and apparent depth of the tear trough. For reasons probably related to septal containment and ligamentous support, the fat pads do not transgress the borders of the tear trough. 2 A third component of the tear trough is the local skin quality and color. The tear trough sits just superior to the border of the thin pigmented lid skin and the usually lighter-colored thicker dermis and "subcutaneous rich" cheek skin just inferior. The apparent pigmentation of the lid skin increases with time and increases the contrast between lid and cheek. It looks as if the lid-cheek junction drops or enlarges, but recent studies using matched photographs over time indicate that the actual skin borders are stable and unmoving. 3 Moreover, in the presence of the tear trough deformity, the skin of the overhang is viewed at a steeper angle, increasing apparent skin pigmentation and sitting in the shadow of the fat bulge. Other anatomical aspects of this complex area have been analyzed by Loeb and Flowers. 1, 4 It is unclear which component of the tear trough is the most responsible in general, but fortunately, as with most facial cosmetic surgery, understanding the cause of a deformity is not necessary to undertake its correction. In theory, treatment of the area consists of no more than filling or leveling a hollow, but unlike injecting a nasolabial crease, the breadth of the hollow, the very thin skin of the area, and the presence of adjacent fat pads make it technically more demanding than other sites on the face.
INDICATIONS
Cosmetic surgery is largely an empirical endeavor; the main indication for leveling the tear trough is the presence of enough deformity to make a visual difference by its improvement. It is usually obvious to the patient and the physician when treatment is necessary. The patients who do the best with the "tear trough injectoplasty" are those who do best with other cosmetic operations of the face. In general, they have thick, smooth skin, and in particular, they have a well-defined tear trough, without overly large lower lid fat pads that one is trying to compensate for. Patients with extremely wrinkled skin and less of an actual indentation to fill do less well with injections. The larger the overhanging fat pads, the more the injection becomes a compromise procedure, as one tries to correct for the shelving of the fat and the intrinsic indentation of the tear trough.
The presence of hyaluronic acid in the tear trough does not diminish the intrinsic color of the overlying lid skin, though it does diminish the shadow. People with deep pigmentation should be advised of this, although an indentation in the presence of dark pigmentation usually appears better corrected.
PATIENTS AND METHODS

Anesthesia
I prefer to use infiltration anesthesia, because I believe that with vasoconstriction, less bleeding and bruising will result. Also, the possibility of an unintended vascular injection, already extremely uncommon, would theoretically be less plausible in a vasoconstricted environment. Although skin blanching is apparent when using topical anesthetic, one cannot be sure of its depth. Because injections in the tear trough area are intramuscular or preperiosteal, I prefer to have the whole volume of tissue vasoconstricted. If a small volume of anesthetic is used, the area will not be distorted.
After the borders of the tear trough are marked, ice is firmly applied to the most inferior area of the marked lid skin. The eyelid itself is not as sensitive to needle sticks as the thicker cheek skin just below. After 4 to 5 seconds, when the ice is removed, the skin will be blanched for 1 or 2 seconds. Injecting during the blanch greatly reduces the pain of the needle. Using a 1-cc syringe and a half-inch, 30-to 32-gauge needle, 0.2 to 0.4 cc of 0.5% lidocaine with epinephrine is injected into the orbicularis oculi muscle and up the tear trough. I have come to inject the muscle rather than the skin, finding a lower incidence of cutaneous hematomas.
Finger pressure flattens the area injected and walks the local anesthetic up the tear trough. The other side is injected, and several minutes of light finger pressure allows for vasoconstriction and dispersal of the local anesthetic.
Personal Technique
This discussion concerns the tear trough itself, although injections can be performed around the periphery of the lower lid. The goal here is to fill the depression and smooth the junction between the medial and inferior lid and the cheek. Usually, one is trying to increase the elevation of the tear trough by 2 to 3 mm. There are different means to the goal, most having to do with injector preference, 5 but the common thread in all successful techniques is to inject well deep to the dermis and to smooth out the injection with massage. Dermal injection will result in highly visible bumps that will last for approximately 1 year untreated.
Volume 120, Number 6S • Tear Trough Deformity I have found that the injections are far more accurately performed under local anesthesia and with the patient vertical. When the patient is supine, as is often the case when tear trough injections are carried out in combination with other procedures in the operating room, I find there to be more irregularity and malposition of the injection. I normally inject the tear trough separately rather than combine injections with open lid procedures for the same reason.
When the area is marked and numb, I place the half-inch, 30-gauge needle through the skin at the most lateral extent of the tear trough, advancing fully and even indenting the skin with the hub for a little extra reach. A very small amount of product is then placed while the needle is withdrawn, although usually the needle is not withdrawn through the skin. Another parallel injection at the same depth is made below and another above. The process is repeated to the apex of the deformity. When one places a needle on a syringe of product and clears the air from the needle, the small bead that develops on the needle is an approximate indicator of the speed and pressure of injection. The rate of injection should be slow with very little pressure, although the needle should be moved rather quickly. A heavy hand is not an advantage here.
The tear trough is not an area for beginners; most injectors will have already found out that starting an injection with a stationary needle will result in an overfill bump. Similarly, the withdrawal injection should not continue to the skin or one will be left with a superficial dermal bump. The superior tear trough is then injected in a similar manner all the way to the top of the deformity. Although I was reluctant to inject this high at first, with anesthesia and some practice, it became routine.
Because the skin muscle and bone are all within a few millimeters of each other at the tear trough, when the needle is not scraping bone and not in the dermis, I presume the needle to be in the orbicularis oculi muscle, which I prefer as an injection plane, although others have reported success injecting at the periperiosteal level. 5 The goal here, as mentioned, is to achieve smoothness, and any technique that does this is acceptable.
The area is then inspected and palpated. Additional small passes are made as needed to create the necessary contour. Every attempt is made to have the injection perfect, but even placement of hyaluronic acid by injection alone is difficult and it is likely that there will be some areas where smoothness could be increased. Accordingly, the area is massaged lightly and compressed with finger pressure and rolled with a cotton applicator. The more forceful the compression, the more bruising that will occur. Forceful compression will also push the product away from its intended location and push it up into the lid fat pad and down into the cheek, exaggerating the deformity. In my experience, injection should be performed rather quickly and the area should be massaged for several minutes. Typically, in the tear trough itself, the average amount of hyaluronic acid placed per side will be on the order of 0.1 to 0.4 cc. Ice is used on the evening of injection. Patients are not instructed to massage the area, because they might overly disperse the product. The material can be easily manipulated and reshaped for at least several weeks, and the patients are encouraged to return if they perceive any irregularities. A few minutes of in-office manipulation usually solves minor irregularities.
RESULTS
The results of this technique are primarily visual, and representative cases are shown in Figures  1 and 2 . As of this writing, approximately 200 patients have been treated, with the effect of treatment lasting up to 2 years. As with all aspects of cosmetic surgery, a range of results is seen. Patients are told that they will be improved and not perfect. The older and more crepe-like the skin, the less well the treatment works. In very wrinkled lid skin, the tear trough is obliterated, but there will be a skin fold at the superior edge of the injection that looks like a tear trough.
In the tear trough, hyaluronic acid lasts far longer than it does in the lips and nasolabial folds. One to 1½ years is not uncommon. I have noticed that other nondynamic sites, such as the temple and the nose, have a similarly long duration.
Complications
Complications have been minor in my practice. Bruising can occur whenever needles are placed in the lids. I have the distinct impression that there is less bruising with infiltration of local anesthesia than with no local anesthesia. It seems to me that there is less bruising when the initial injection is made into the orbicularis oculi rather than into the skin.
Several patients have had irregularities that were massaged away either at the time of injection or several weeks later. When irregularities occur, they are usually treatable with massage. Volume 120, Number 6S • Tear Trough Deformity
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The closer one inspects the area, the more effects of the injection that can be seen. Social and casual inspection reveals a smooth contour. If one looks very closely, one can see the sites injected by virtue of very subtle changes in the reflectivity of the skin and its contours. Typically, patients do not notice this degree of imperfection.
I have noticed a faint bluish discoloration in some people with superficial injections of hyaluronic acid products (another reason to stay deep). I am not sure whether this represents an optical phenomenon, an expansion of the pigmented lid skin, or blood degradation products in the expanded extracellular space.
Hyaluronidase selectively hydrolyzes and dissolves hyaluronic acid. If there is a substantial irregularity that cannot be manipulated away or if for other reasons the patient wishes for an overfill to be corrected immediately (Fig. 3, below, right) , the problem area may be dissolved with hyaluronidase. This should not be the first method used; with experience, it should almost never need to be used, but having it available will give a sense of security to the novice injector. I have used 75 units of hyaluronidase in 3 cc of local anesthetic for almost immediate dissolution of hyaluronic acidinduced bumps. Others have reported using smaller amounts to avoid losing all of the injected hyaluronic acid 6 (Fig. 4) .
DISCUSSION
I like to think of the face as having an expressive foreground and a structural background. The expressive foreground consists of the elements that send emotional signals, such as glabellar frown lines, the relative height of the medial and lateral brows, and marionette lines, among others. The structural background of the face, although it Certain lines and furrows, primarily the glabellar frowns lines, marionettes lines, and tear troughs, have effects on the perception of the face far beyond their size. Relatively small changes in these areas alter the emotionally projecting foreground of the face because they mimic expressions or emotional states.
The tear trough area is prominent in so many people and alters the expressive foreground of the face so much that an easy, safe, and reasonably lasting correction would be of great benefit. Of course, this is not a new concept, and the problem has occupied plastic surgeons' thoughts for quite a while.
The names most associated with the tear trough are Loeb, Flowers, and Hamra. Loeb 4 transferred pedicled fat beneath the area to elevate it. Hamra 7 expanded on the concepts of Loeb to reset the orbital septum and support the lateral canthal area. Flowers 1 is the most perceptive and thoughtful of the observers of the periorbital region. Among his other innovations, he pioneered the use of silicone implants to improve the tear trough and to address the flat infraorbital area. These approaches are highly successful in the hands of experienced surgeons.
They all require open surgery and a learning curve in the unforgiving lower lid. They have the advantage of being as permanent as any soft-tissue surgery of the aging face, but the complications from uninitiated (and even experienced) operators in the area can be profound. Moreover, surgery in this area works least well in the medial and superior tear trough, at the side of the nose where the shadowing can be most intense.
Injected fat has been used in this area, and some recommend placing it superficially between the skin and muscle. 8, 9 Injected fat in the lower lid and tear trough can reduce the dark discoloration of the area, but it is so unpredictable in lumping and creating unnatural contours that I no longer support its use in the tear trough. Problems, when they occur, are difficult to treat.
Much feared is the possibility of an intra-arterial injection, with skin injury or even blindness. The incidence is unknown, and at this time there are no reported cases of blindness with hyaluronic acid, although there are a few cases of intra-arterial injection with skin injury. 10 Certainly they are extremely rare, less than the incidence of blindness with blepharoplasty. Coleman 11 reviewed this subject and recommended using blunt cannulas in a vasoconstricted environment and not injecting more than 0.1 cc per pass. The use of custommade, 27-to 30-gauge blunt cannulas has been reported in an attempt to further reduce the possibility of intravascular injection. 10 It is hard to determine the true risk of such an infrequently occurring complication and whether any preventative measures will actually reduce the incidence. The tried and true method of avoiding an intravascular injection with local anesthetic-a constantly moving needle with very slight injection pressure-will, in theory, also reduce the risk with hyaluronic acid injections, and to me, this makes the most sense. Volume 120, Number 6S • Tear Trough Deformity
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I find that the use of hyaluronic acid in the tear troughs has the following benefits: Injection is relatively easy to perform. The very medial and superior tear trough is where this treatment works the best; it is the area where surgery works the least well. There is a high degree of patient satisfaction. The material is very longlasting (1 year or more) in the tear trough. Most complications are self-limiting and can be treated by massage. In the event of an unsatisfactory effect, the material can be dissolved away. If a larger operation provides a less than total correction, hyaluronic acid injection can nudge the result to make a more pleasing contour. There is a distinct group of patients who will benefit more from leveling of the tear troughs than from modification of the fat pads. With this method, the young patient can avoid surgery completely.
The disadvantages of hyaluronic acid in the tear trough are as follows: it is not permanent. It is by nature a compromise procedure. The larger the fat pads, the more of a compromise it becomes, and in those cases, only moderate improvement is possible. There are no associated improvements in the lower lid as can be obtained with surgery. There is a distinct group of patients who will have more improvement by direct fat pad modification than by filling below them.
On balance, I find this procedure to add flexibility to my practice of cosmetic surgery; it adds a group of patients whose appearance can be improved without the need for large and more risky operations to accomplish relatively small anatomical changes. It is a replacement for lower lid surgery in relatively few patients; it is complementary in many more. It allows me to touch up a lower lid blepharoplasty to achieve additional improvement without additional surgery. It can be used all the way around the eye and can even substitute for a tear trough implant. Although there is a learning curve, it is not a long one, and irregularities at the injected site can always be reduced with the use of massage or hyaluronidase, offering a level of security that is not present in most surgical procedures. Considered together, I believe that hyaluronic acid injections in the tear trough are a safe way of achieving considerable patient improvement with little risk. 
